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@ ft/lethod for the production of lactic acid and lactic esters. 

@ A method for producing a lactic ester in- 
expensively by mtcfoorganic fennentatbn ctf 
lactic add with a skmple apparatus Is provided, 
which niethod effects adjustment of the pH of a 
culture medium during the course of the fer- 
mentation with ammonia and, after the end of 
the fermentation, recovers the ammonia for 
reuse to lower the cost required for the femnen- 
tation and decrease the amount of a by-product 
of fermentation. 

In a process Involving fenmentation of lactic 
add witii a microorganism, a method for the 
production of a lactic ester whk:h comprises 
canying out the adjustment of pH of a culture 
medium undergoing the fenmentatton of lactic 
add with ammonia, adding an alcohol having 
four or five carbon atoms to at least one solu- 
tion selected firom the group consisting of a 
solution of ammonium lactate ot^tained by the 
fermentation, the concentrate of the solution df 
ammonium lactate mentioned above, and the 
solution resulting from separatbn of solid sub- 
stances induding the microorganlc cells used 
for the fennentation from either of tiie sdutions 
and heating the resultant mbdure tiiereby in- 
dudng dehydration and esterifk»tion of lactic 
add with the alcohol and, at the sme time, 
effecting liberation and recovery of ammonia, 
and adding a mineral add to the sdutton 
obtained by the esterification reaction and heat- 
ing and dehydrating the resultant mbcture In an 
addic state thereby promoting and oompl^ng 
the esterification of the lactic add witti the 
alcohol. 
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This invention relates to a novel method for the 
production of lactic acid and lactic esters. 

Description of the Prior Art 

At present, lactic acid is used as a food additive 
in the production of Japanese sake, refreshing bev- 
erages, pickled vegetat>les, soy sauce, bread, and 
beer. In tenms of industrial consumption, it is used for 
the production of leather, textiles, plastics, medi- 
cines, and agricultural pesticides. 

Recently, derivatives of lactic acid or intenmedi- 
ates for synthesis which are lactic esters such as ethyl 
lactate and butyl lactate have been finding extensive 
utility for solvents and detergents of the kind featur- 
ing high safety. Polylactic acid which is a polymer of 
lactic acid is expected to find growing utility as a bio- 
degradable polymer. 

The lactic acid available today is known in two 
types; the lactic acid obtained from a petrochemical 
product by chemical synthesis and the lactic acid ob- 
tained by fermentation. The lactic acid which is ob- 
tained from a petrochemical product by chemical syn- 
thesis is generally purified in the form of a lactic ester. 
The lactic ester, therefore, has high purity. It is, how- 
ever, racemic in form and devoid of optical acth^ity. 
The lactic acid which is produced by fermentation oc- 
curs in an L- or D-optically active form and racemic 
form. A desired optically active form of this lactic acid 
can be prepared freely, depending on the kind of a mi- 
croorganism to be used for fermentation. Generally, 
such lactates are not easy to purify, inferior in quality 
to their synthetically produced oountertypes, and un- 
fit for the production of medicines or agricultural pes- 
ticides. To be specific, for use as food additives and 
for general industrial consumption, such racemic 
forms of lactic acki or lactic esters as are produced by 
the chemical synthesis can be used quite safely. As 
raw nnaterials for medicines and agricultural pesti- 
cides or as a raw material for the polylactic add ac- 
cepted as a biodegradable polymer, however, the lac- 
tic acid or the lactic ester is required to possess high 
optical activity and high purity. 

. The lactic add which possesses such high optical 
activity as mentioned above, however, cannot t>e pro- 
duced except by a process of fennentation in the ex- 
isting circumstances. Today, the lactic ackl manufac- 
tured by fermentation and possessed of optical activ- 
ity is obtained by a method of ferrrtentation using glu- 
cide or starch as a raw material and causing tactic 
acid bacteria to assimilate the raw material. This 
method comprises preparing a culture medium incor- 
porating therein whey, corn steep liquor, or yeast ex- 
tract as a nutrient for the lactic acid bacteria and cal- 
cium carbonate as a neutralizing agent for the lactic 
acid to be formed, inoculating lactic add bacteria to 
the culture medium and inducing fennentation pro- 
ductive of lactic acid, adding sulfuric add to the fer- 



mentation sdution containing calcium lactate at the 
end of the fermentation thereby indudng precipitation 
of gypsum and liberation of lactic acid, then filtering 
the resultant fermentation solution thereby removing 

5 such solid substances as gypsum and bacterial cells 
and obtaining lactic acid in a crude form, and purify- 
ing the crude lactic acid through the steps of ether ex- 
traction and treatment with activated carison. This 
method is still incapable of easily nnanufacturing lao 

10 tic add or lactic esters which possess high purity and 
high optteal activity required of a raw material for med- 
icines and agricultural pesticides orof a raw material 
far polylactic acid usable as a biodegradable polymer 
material. 

15 Thus, the desirability of developing a method ca- 
pable of easily produdng lactic add possessing high 
purity and high optical activity has been finding en- 
thusiastic recognition in the field of medicines and the 
field of agriculture. 

20 As measures for easy production of lactic acid 
possessing high purity and high optical activity, a 
method which comprises carrying out the fenmenta- 
tion while using ammonia or sodium hydroxide in the 
place of calcium cartx)nate as the neutralizing agent 

25 for the lactic acid to be formed thereby inducing for- 
mation of ammonium lactate or sodium lactate, ultra- 
filtering the fermentation solution thereby separating 
the lactate just mentioned from the other culture me- 
dium components, and then obtaining free lactic acid 

30 by ion exchange (JP-A-63-38) and a method which 
comprises converting lactic acid obtained in a crude 
fbnm into such a lactate as zinc lactate which has a rel- 
atively low sdubi lity and purifying the lactate to a high 
degree by means of crystallization and consequently 

35 obtaining free lactic add {JP-A-63-1 88632) have 
been disdosed. 

The methods described above, however, entail 
such problenrts as shown in (1) to (3) below. 

(1) The adjustment of pH of the culture medium 
40 in the process of fermentation requires virtually the 

equivalentamountofan alkali as that of the lactic acid 
to be formed. The methods mentk>ned above, for the 
purpose of liberating lactic ackl from the formed lac- 
tate, call for an equivalent amount of an acid. They 
45 must further dispose appropriately of by-produced 
gypsum and inorganic salts such as ammonium sul- 
fate and sodium sulfate. They do not permit easy pro- 
duction of fully purified lactic add. 

(2) The methods resorting to separation with a 
50 membrane or ion exchange as described at>ove are 

still incapable of producing lactk) acid purified to a 
high degree. For the purpose of obtaining lactic acid 
which exhibits high purity, avoids emitting offensive 
odor, and enjoys ample thermal stability, these meth- 
55 ods necessitate numerous additional treatments 
such as, for example, a procedure which comprises 
esterifying lactic acki obtained in a crude tbnm with 
such an alcohol as ethanol or methanol, then distilling 
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the resultant lactic ester thereby forming purified lac- 
tic ester, and hydrolyzing the purified lactic ester. 

The esterification and the distillation which are 
required for the production of lactic acid of high purity 
must be preceded by a preliminary treatment for 5 
rough purification. Thus, these methods do not prove 
economical. Further, as pointed out in JP-A-58- 
56,690, the impurities originating in a gludde, bacter- 
ial cells, and a nutrient source and entrained in the 
lactic acid solution resulting from the rough purif ica- io 
tion are suffered to deposit copiously on the walls of 
a distillation column and those of a reaction kettle as 
observed when the lactic acid solution obtained by 
the ordinary method of femientation and containing 
impurities Is subjected to esterification. The fast de- is 
position of these impurities on the walls of the reac- 
tion kettle entails an operational trouble and renders 
it difficult to obtain lactic acid of high purity. 

(3) The method which effects the purification of 
crude lactic acid by crystallization and separation of 20 
the lactic acid in the form of calcium lactate orzinc lac- 
tate deserves no rating as economical because the 
produced lactic acid is lost so heavily in the mother 
liquor as to degrade the yield of lactic acid. 

Apart from the methods described above, the fact 25 
that ammonium lactate is directly esterif led with an al- 
cohol has been to the artf rom long ago (Industrial and 
Engineering Chemistry, Vol. 44, No. 9. pp. 2189- 
2191, SepL 1952), 

In order for this direct esterification with an aico- 30 
hol to be actually applied effectively to the synthesis 
of a lactic ester or to the purificatk>n of lactic acid, 
however, numerous problems whk:h, as found by US 
as will be specifically described afterward, are at- 
tendant on the use of the alcohol must be solved. 35 
When the esterification is effected simply by adding 
the alcohol without solving these problenos, the lactic 
ester is formed at an unduly tow yield hardly satisfec- 
tory from the commercial point of view. 

Further In WO93/00440, Cockrem et al. propose 40 
a method which comprises adding butand and sulfu- 
ric acid to a fermentatk>n solution containing ammo- 
nium lactete, subjecting the resultant mbcture to hy- 
dration and esterification thereby inducing crystalli- 
zation of ammonium sulfate as a precipitate, separet- 45 
ing the precipitate by filtration, and distilling the su- 
pernatant 

The literature makes a mention to the effect that 
the esterif icatk)n of lactic acM with a higher alcohol 
having not less than 4 carison atoms (such as, for ex- so 
ample, butenol), as known already to the art, is advan- 
tegeous in terms of process over the esterification us- 
ing a lower alcohol because the dehydration is al- 
lowed to proceed by virtue of the azeotropy of the 
higher alcohol with water. Similarly, the practice of ss 
carrying out the esterification of lactic ackl in the 
presence of such an acidic catalyst as sulfuric ackJ, 
acklic anfunonium sulfate, or paratoluenesulfonic ackl 



has been heretofore very much in vogue. 

It is logically concluded, therefore, that this meth- 
od is characterized by permitting the solution of bu- 
tenol and butyl lactate in an organk: solvent to precip- 
itate ammonium sulfate in the form of relatively large 
crystals and, therefore, enjoy more satisfactory filtra- 
biiity than the solution of the conventional method in- 
volving precipitetion of gypsum and separatk)n of the 
precipitete by filtration and allowing the lactic ester to 
be obteined with high purity at an amply satisfactory 
yield because the crystallization of ammonium sulfate 
proceeds simultaneously with the esterification. 

This method, however, entails the disadvantage 
that the ammonia used in fermentation cannot be re- 
cycled through the fermentation because it is required 
to be wholly recovered in the form of ammonium sul- 
fate and the operation of the method yields waste in 
a large amount. 

The method is further at a disadvantage in aug- 
menting the number of steps of process because the 
culture medium at the end of the esterif k5ation must 
be neutralized again and filtered to allow separation 
of a large amount of such solid substances as amnrKH 
nium sulfate and the solid substances themselves 
must be deprived of butanol and other similar unwant- 
ed substances so as to be disposed of or put to some 
other uses. 

In the light of the various problems nrtentioned 
atx)ve, this inventton has for its object the provision 
of a novel method for the productk3n of lactic acid and 
lactic estera. 

Another object of this invention is to provkle for 
the productkin of lactic ackl or lactic esters by fenmen- 
tetion with a microorganism a method which, by the 
use of simple apparatus and procedure, permits easy 
manufacture of lactic acki possessing high purity and 
high optical activity to be attained in a high yield while 
lowering the cost involved in purifcatton and de- 
creasing the amount of by-products suffered to occur. 

The objects of this inventk)n are acoomplished in 
a process involving microorganic fermentation of lac- 
tic add by (1) a method for the production of a lactic 
ester characterized by (a) carrying out the adjustment 
of pH of a culture medium undergoing the fermenta- 
tion of lactic acid with ammonia, (b) adding an alcohol 
having 4 or 5 cartx>n atoms to at least one solution se- 
lected from the group consisting of a sdutk)n of anv 
monium lactate obtained by the fermentatton, the 
concentrate of the solution of ammonium lactate men- 
tioned above, and the solution resulting from separa- 
tion of solid substances including the rnicroorganic 
cells used for the fermentation from either of the sok 
utk)ns menttoned above and heating the resultant 
mbdure thereby inducing dehydratbn and esterifica- 
tion of lactic acki with the alcohol and, at the same 
time, effecting liberatk)n and recovery of amnDonia, 
and (c) adding a mineral acid to the solution obtained 
by the esterif k^tton reaction of (b) and heating and 
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dehydrating the resultant mixture in an addic state 
thereby promoting and completing the esterification 
of the lactic acid with the atcohd. The lactic ester can 
be easily separated from this esterification reaction 
solution and then purified. 5 

The objects of this invention are further accom- 
plished by (2) a method for the production of a lactic 
ester set forth In (1) above, wherein the amount of the 
alcohol to be added is 1 .5 to 4 mols per mol of the lac- 
tic acid. 10 

The objects of this invention are also accomplish- 
ed by (3) a method for the production of a lactic ester 
set forth in (2) above, wherein the alcohol Is n-buta- 
nol. 

Further, the objects of this invention are acconr>- is 
plished by (4) a method for the production of lactic 
acid by the hydrolysis of the lactic ester produced by 
the method set forth in any of (1) through (3) above. 

With a view to accomplishing the objects descri- 
bed above, we have continued a diligent study in 20 
search of a novel method for the production of lactic 
acid and lactic esters to find that when the adjustment 
of pH of a culture medium undergoing fermentation of 
lactic acid as with lactic acid bacteria is effected by 
the use of ammonia, (1) esterification of lactic acid 25 
with an alcohol having four or five carbon atoms is at- 
tained by directly adding the alcohol to a fermentation 
broth containing ammonium lactate and heating the 
resultant mixture, (2) the excess alcohol which occurs 
in the form of an azeotrope with water during the es- 30 
terif ication mentioned above is easily ref luxed to the 
site of reaction because the vapor of this azeotrope 
easily separates into two layers when cooled, (3) the 
greater part of anrunonia is liberated sinmiltaneously 
with the esterification of lactic acid with the alcohol 35 
and the llt>erated amnx^nia can be easily recovered, 
(4) the yield of synthesis of the lactic ester can be ex- 
alted by adding to the ammonia which remains after 
completion of the liberation of amnrK>nia a slight ac- 
cess of a mineral actd thereby forming an acidic cat- 40 
alyst and continuing the heating of the fermentation 
broth and further decreasing the amount of a by-pro- 
duced salt being formed, and (5) the lactic ester can 
be easily separated from the resultant reaction solu- 
tion by distillation, the deposition of Impurities to the 45 
inner walls of a reaction kettle occurs only sparingly 
during the distillation, the lactic ester can be easily re- 
fined to a high degree of purity by means of distilla- 
tion, and the lactic acid can be easily obtained by hy- 
drolyzing the lactic ester. The present invention has so 
been perfected as a result 

Owing to the use of an alcohol having 4 or 5 car- 
bon atoms in the production of lactic add and lactic 
esters by the method of this invention, the distillate 
which Is obtained when a mixed vapor of water end 55 
the alcohol during the course of the esterification sep- 
arates into two layers composed of a water phase and 
an alcohd phase and, t>ecause of amply low mutual 



sdubility of these two phases, the alcohol phase can 
be refluxed efficiently in its unmodified form to the 
site of reaction and the lactic ester produced mean- 
while can be easily refined by the conventional tech- 
nique of distillation. Thus, the nrtethod of this inven- 
tion proves advantageous from the commercial point 
of view. 

When the esterification is effected simply by add- 
ing an alcohol to the ammonium lactate solution, the 
lactic ester is produced In an unduly low yield. The ad- 
dition of such a mineral acid as sulfuric acid or hydro- 
chloric acid serves the purpose of promoting the es- 
terification to the extent of enabling the lactic ester to 
be produced in a yield fully satisfactory from the conrv- 
mercial point of view. 

The present invention manifests the following pe- 
culiar effects as compared with the conventional 
method. 

(1) The esterification does not need to be preced- 
ed by a step of liberating lactic acid from a lactate 
and separating the lactic add in a crude form. 

(2) The greater part of ammonia used as a neu- 
tralizing agent for the fenmentation of lactic acid 
can be separated and recovered and conse- 
quently recyded through the fermentation. 

(3) In consequence of the advantage obtained in 
(2) above, the amount of a by- produced salt can 
be decreased notably as compared with the con- 
ventional method. 

(4) The esterification of lactic acid simultaneous- 
ly proceeds with the separation of ammonia. By 
causing the alcohol separated by distillation to be 
refluxed to the reaction system and consequently 
keeping the reaction system in the state of an ex- 
cess of alcohol as described at>ove, the esterifi- 
cation and the recovery of ammonia can be easi- 
ly promoted. 

(5) By further promoting alcoholysis with an add- 
ed mineral add, the lactic ester is formed In a high 
yield and separated from the components of a 
culture medium by distillation and obtained In a 
highly refined state by the use of a simple appa- 
ratus. 

(6) By a method which uses a relatively dear cul- 
ture medium for the fermentation, a method 
which removes sdid substances in advance of a 
pretreatment of a culture medium by separation 
with a nr^embrane, a method which carries out fer- 
mentation while separating a culture medium and 
bacterial cells with a membrane during the course 
of the fenmentation, or a method whk:h removes 
bacteria] cells and other solid substances after 
the fermentation, the distillation can be carried 
out directly without preparatorily separating anrv 
monium sulfate or ackiic ammonium sulfate and 
other precipitates which occur within the stage for 
pronfK)ting the esterification up to the site of es- 
terificatk>n. 
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(7) Further during the separation by distillation of 
the lactic ester and an excess of alcohol from the 
esterification solution, part of such residual liq- 
uid-phase components as acidic ammonium sul- 
fate can be recycled through the stage for promo- 5 
tion of the esterification up to the site of esterifi- 
cation. This recycle aids in enhancing the yield of 

the lactic ester. 

(8) From the lactic ester obtained in any of (1) to 

(7) mentioned above, lactic acid of high purity can io 
be easily obtained by hydrolyzlng the lactic ester. 

(9) The process can t>e easily designed for a con- 
tinuous operation. 

Fig. 1 is a schematic diagram illustrating an ap- 
paratus for the production of butyl lactate by a method is 
involving addition of n-butanol to the concentrate of 
ammonium lactate obtained by fermentation, as one 
embodiment of this invention directed to the produc- 
tion of a lactic ester 

Fig. 2 is a schematic diagram illustrating a device 20 
for the removal of amnwnia used in one working ex- 
ample of this invention. 

Fig. 3 is a schematic diagram illustrating a device 
for the separation of butyl lactate by distillation in the 
working example of this invention. 25 

, Fig. 4 is a schematic diagram illustrating a device 
for the hydrolysis of butyl lactate in the working exam- 
ple of this invention. 

Fig. 5 Is a schematic diagram illustrating a device 
for continuous removal of ammonia in the working ex- 30 
ample of this invention. 

Now, this inventkin will be described in detail be- 
low. 

The femientatran of lactic acid with a microoi^an- 
ism in accordance with this Invention Is not discrimin- 35 
ated on account of the particular type of a method to 
be employed for the fermentation. For example, a 
method which effects the fermentation by preparing 
a culture medium using sucrose, lactose, glucose, 
and/or starch as a main raw material further inoorpor- 40 
ating therein such nutrients as yeast extract and corn 
steep Ik^uor for lactic acid t>acteria and Inorganic salts 
necessary for fermentation, and inoculating to the 
culture medium such socalled lactic add bacteria as 
Lactobacillus or Lactoooccus or microorganic cells 45 
such as of Rhizopus oryzae which possess an ability 
to femtent lactic acid can be adopted. 

As the first step in the process of this Invention 
including the fermentatk>n of lactk; add with a micro- 
oi^anism, the step of fermentation so to speak which so 
comprises adjusting the pH value of the culture me- 
dium during the course of fermentatk)n by the use of 
aqua ammonia In proportion to the amount of lactic 
ackJ being fonmed by the fermentatkin is carried out 

As the ammonia to be used in the step of fermen- ss 
tatk)n, amnnonia gas and aqua ammonia can be used 
without reference to the state of aggregation (gas- 
eous, liquid, etc.). It is, however, preferable to use 



aqua anrvnonia which allows easy handling. When 
aqua ammonia is used, though the concentration 
thereof is not particularly restricted, it is generally in 
the range of 20 to 30%. When the fermentation relies 
on the bacterial cells of Rhizopus oryzae which pos- 
sess an ability to ferment lactic acid, the liquid culture 
medium being used for the fermentation must be aer- 
ated because the t>acteria are aerobic in nature. The 
ammonia gas can be blown into the culture medium 
with the air for aeration mentioned-above, for the 
sake of attaining the pH adjustment 

The pH of the culture medium during the fermen- 
tation of lactic acid in the step of fermentation is var- 
ied with the kind of microorganism and the conditions 
of fermentation and is decided freely depending on 
the various conditions involved in the operation offer- 
mentation. Generally, the pH is adjusted in the range 
of 4 to 7, preferably 5.5 to 6.5. If the pH is less than 
4, the fermentation proves undesirable because the 
rate of fermentation is lowered and the microorgan- 
isms being used in the fermentation eventually be- 
come extinct. The pH value does not need to be kept 
at a f bced level at all times. In the case of a culture me- 
dium using bacterial cells of Rhizopus oryzae which 
possess an ability to ferment lactic acid, for example, 
the pH of this culture medium may t>e controlled to the 
optimum level for the culture of the bacterial cells. 
During the fixed period in which the bacterial cells 
form pellets, the pH value of this culture nf>edium may 
be kept at a slightly lower level because the pellets 
are preferable to be formed In generally uniform 
shape and size. Thus, the pH value can be freely ad- 
justed. 

As the second step in the process of thte Inven- 
tion induding the fenmentation of lactte add with a mi- 
croorganism, the step of removal of ammonia so to 
speak in which the dehydration and the esterification 
of lactic acid with an alcohol having fouror f ive cart}on 
atoms are effected simultaneously with the liberation 
of ammonia for recovery by adding the alcohd to at 
least one solution selected from the group consisting 
of an anrvnonium lactate solution obtained by fermen- 
tation, the concentrate of the amnr>onium lactate sol- 
utk)n, and a solutk)n resulting from removal from eith- 
er of the solutions mentioned above of solid substanc- 
es including bacterial cells used in the fermentation 
and heating the resultant mixture Is carried out 

The ammonium lactate solution which is obtained 
by the fermentation in the step of removal of ammonia 
contains the microorganisms (bacterial cells) used for 
the fermentation, resklues of the nutrient or inorganic 
salt, and the portions of such raw materials as sac- 
charine material and starch which have escaped as- 
similatk>n in the fermentatk)n in additk>n to the ammo- 
nium lactate induded in the culture medium at the end 
of the fermentation. These substances so contained 
In the ammonium lactate solution are not required to 
be separated from the culture medium before the 
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process is advanced to the next step except when the 
microorganism used in the fenmentation happens to 
be that of Rhizopus oryzae which fonms bacterial cells 
in a particularly large amount They can be directly 
used as part of the ammonium lactate solution. 5 

Preferably, a concentrated ammonium lactate 
solution is used in the place of the ammonium lactate 
solution. This is because the ammonium lactate sol- 
utbn obtained by the fermentation in the step of re- 
moval of ammonia generally has a low amnfK)nium lac- io 
tate concentration below 15% by weight at the end of 
fermentation. Generally, the ammonium lactate solu- 
tion is concentrated before it is subjected to esterif i- 
cation with an added alcohol. Though the extent to 
which the amnrranium lactate solution is concentrated is 
is arbitrary, it is generally proper in the range of 60 to 
76% by weight, preferably 65 to 70% by weight as re- 
duced to lactic acid in the concentrated solution. 
Though the conditions for this concentration do not 
need to be particularly restricted, the concentratbn is 20 
generally desired to be carried out under normal pres- 
sure at an elevated temperature in the range of 105° 
to IWC, preferably 120° to 125**C, for the purpose of 
allowing water to vaporize and, at the same time, per- 
mitting a small amount of ammonia being liberated 25 
during the course of concentration to be easily con- 
densed and collected. 

By this operation of concentration, the water and 
anvnonia being vaporized can be collected and circu- 
lated to be reclaimed respectively as the waterfor the 30 
preparation of the culture medium for fermentation 
and as the ammonia for the adjustment of pH during 
the course of fermentation. 

It is desirable to use the solution which is ob- 
tained by renrK>ving solid substances including the mi- 35 
croorganism used for the fennentation from the anv 
monium lactate solution or the concentrate cf the anr>- 
monium lactate solution In the place of the ammonium 
lactate solution as occasion demands. This is be- 
cause the subsequent step necessitates a treatment 40 
for separation of bacterial cells by precision filtration 
and a treatmentfor separation of the residues of other 
polymers by ultrafiltration when the adhesion of resi- 
dues of fermentation to the inner walls of an esterif i- 
cation reaction vessel is so serious as to pose a prob- 45 
lem in the subsequent step and because the fermen- 
tation which happens to use such auxiliary raw mate- 
rials as corn steep liquor requires a treatment for re- 
moval of unnecessary solid substances contained in 
the auxiliary raw material to be performed prior to the so 
esterif ication induced by addition of an alcohol to the 
culture medium for fermentation. 

The separation of the solid substances contain- 
ing the microorganism used for the fenmentation can 
be effectively carried out either before or after the ss 
concentration of the fermentation solution described 
above. 

Then, in the step for removal of ammonium, an al- 



cohol having 4 or 5 carbon atoms (hereinafter refer- 
red to simply as 'C^-Os alcohor) is added to at least 
one solution selected from the group consisting of the 
ammonium lactate solution obtained by the fenmenta- 
tion mentioned above, the concentrate of this ammo- 
nium lactate solution, or the solution resulting from re- 
moval from either of the solutions mentioned above 
of solid substances including the microorganism used 
for the fermentation (hereinafter referred to simply as 
'ammonium lactate solution") and the resultant solu- 
tion is heated to effect the dehydration of this amnrK>- 
nium lactate solution and the esterif ication of lactic 
acid with the alcohol simultaneously with the libera- 
tion of ammonia for recovery. 

The C4- C5 alcohols which are effectively usable 
herein include n-butanol, isobutanol, t-butanol, n- 
amyl alcohol, sec-amyl alcohol, t-amyl alcohol, isoa- 
myl alcohol, sec-isoamyl alcohol, active amyl alcohol, 
diethyl carbine!, and t-butyl carbinol, for example. 
AnrK)ng other C4 - C5 alcohols cited above, n-butanol 
proves particularly preferable. When n-butanol is 
adopted, the amount of the alcohol to be added as 
specifically described afterward is in the range of 1 
to 10 mols, preferably 1.5 to 4 mols, per nwl of the lac- 
tic add (including lactates and polymers of lactic acid) 
contained in the ammonium lactate solution men- 
tioned above. Then, the heating of the resultant mix- 
ture is carried out under normal pressure at an elevat- 
ed temperature in the range of 100° to 1 70°C, prefer- 
ably 120° to 150°C. By using this heat treatment for 
simultaneously effecting the esterification and the 
liberation of ammonia for recovery, the ratio of recov- 
ery of ammonia in the case of using the concentrate 
of the ammonium lactate solution can be easily made 
to reach a level exceeding 90%, including the amount 
of anvnonia liberated during the course of concentra- 
tion, as shown in the working example to be cited af- 
terward. In this case, the n-butanol is fated tofonm an 
azeotrope with water. Since this azeotropic composh 
tion separates into the two phases of n-txitanol and 
water when it is suitably cooled and collected, the re- 
flux of n-butanol to the esterification reaction system 
can be easily accomplished. Thus, n-butanol proves 
an extremely desirable alcohol. 

In the case of an alcohol having more than 5 car- 
bon atoms, though liberation of ammonia by esterifi- 
cation is obtained, the subsequent formatbn of a lac- 
tic ester by distillation is attained only with difficulty 
because the fonmed lactic ester has a high boiling 
point, in the case of ethanol or methanol v^ich has a 
low boiling point, ammonia cannot be liberated satis- 
factorily because the reaction temperature is not ele- 
vated. In the case of an alcohol having three carbon 
atoms, no efficient operation can be obtained be- 
cause the phase separation of this alcohol from water 
does not proceed fully. 

The amount of the alcohol to be added for use in 
the present invention is preferable to be in the range 
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of 1 to 10 mds, preferably 1.5 to 4 mols, per mol of 
the lactic acid (including lactates and polymers of lac- 
tic acid) which is contained in the amnfK)nium lactate 
solution mentioned above. 

The conditions under which the esterif ication is 5 
canried out in the step for removal of ammonia are va- 
riable with the kind of alcohol to be used for the es- 
terification. The reaction pressure is not restricted in 
any sense. The esterif ication proceeds fully satisfac- 
torily under normal pressure. Though the tempera- io 
ture conditions used for the batchwise operation and 
those used for the continuous operation are different, 
the reaction temperature is generally desired to be in 
the range of 100*» to 170X, preferably 120« to 150'C. 
If this temperature is lower than 120°C, the esterifi- is 
cation is deficient in productivity because the libera- 
tion of ammonia proceeds at an unduly low rate, tf the 
temperature is lower than 100^*0, the reaction fails to 
proceed at an economically satisfactory rate. If the 
temperature exceeds 150^C, such adverse phenom- 20 
ena as partial decomposition of lactic acid and forma- 
tion of a corresponding ether formed of two alcohol 
molecules appear. If the temperature exceeds 1 70°C, 
the phenomena of decomposition of lactic acid and 
formation of ether of two alcohols occur nnone con- 25 
spicuously. 

As respects the simultaneous liberation of am- 
nrK>nia for recovery with the esterif ication mentioned 
above, since the vapor generated in consequence of 
the esterif ication contains ammonia, water, and aloo- 30 
hoi, the reaction vessel to be used for the esterifica- 
tion Is provided with stirring vanes and furnished 
thereover with a multistage distillation column for the 
purpose of precluding otherwise possible distillation 
of the lactic ester, the distillation column is provided 35 
^ at the outlet thereof with a condenser for the purpose 
of cooling and collecting water and alcohol, the con- 
denser is provided thereunder with a tank capable of 
separation of water and alcohol for the purpose of re- 
fluxing the alcohol to the reaction vessel, and the re- 4C 
action vessel b furnished with a water reservoir for 
the purpose of cooling water and allowing the cooled 
water to absorb the portion of ammonia gas which has 
escaped being collected by the condenser mentioned 
above. This inventk)n does not need to be limited to 45 
the method described above but may be worked by a 
suitably selected method. 

When the step for renrioval of ammonia men- 
tioned above is performed batchwise, the ammonium 
lactate sdutton contains a large amount of water at so 
first When the culture medium forfermentation which 
contains the ammonium lactate solution so abound- 
ing in water as mentbned above is kept at an elevated 
temperature, the inner wall of the reaction vessel col- 
lects scale though to a slight extent When the step is ss 
continuously performed and the ammonium lactate 
solution In the reactkin vessel is kept in a state sut>- 
stantially devoid of water, the inner wall of the reactton 



vessel collects virtually no scale notwithstanding the 
ammonium lactate solution separates soiki substanc- 
es. The step for removal of ammonium, therefore, is 
desired to be perfomrted continuously rather than 
batchwise. 

The batchwise operation mentioned above suf- 
fers the reaction temperature to rise gradually in con- 
sequence of the advance of the removal of ammonia 
and the dehydration in the step of removal of amnK>- 
nia. In contrast thereto, the continuous operation can 
be expected to allow a decrease in the average reten- 
tion tinne and a reduction in the size of apparatus be- 
cause the reaction temperature is kept constantly at 
an elevated level. 

As the third step in the process of this invention 
Including the fermentation of lactic acid with a micro- 
organism, the step for promotion of the esterif ication 
so to speak in which the esterification of lactic acid 
with the alcohol is promoted and completed for the 
purpose of obtaining the lactic ester desired by adding 
a mineral acid to the solution resulting from the step 
for removal of ammonia mentioned above and heat- 
ing to dehydrate the resultant mixture in an ackiic 
state is carried out 

In the step for removal of ammonia mentioned 
above, part of the lactic ackl undergoes self- 
condensation. In the step for promotion of the esteri- 
fication, therefore, the ratio of formation of the lactic 
ester is barely in the range of 50 to 80% by weight at 
most based on the amount of the lactic acid (including 
lactates and polymers of lactic acid) contained in the 
ammonium lactate solution mentioned above, not- 
withstanding the ratio of recovery of ammonia reach- 
es a level exceeding 90%. This ratk> of formation of 
the lactic ester is not sufficient for the purpose of ob- 
taining the lactk: ester by purification resorting to di- 
rect distiliatk>n. 

As a step for promoting the esterification, there- 
fore, this invention atteins the pronrx)tk)n of the ester- 
if icatton of the remaining lactic ackJ and consequent- 
ly exalts the yield of the lactic ester by adding to the 
reactton mixture a mineral acid in an amount of not 
less than the equivalent weight, preferably the equh 
molar weight, relative to the remaining ammonia 
thereby forming an acidic catelyst and continuing the 
thermal dehydration of the lactic ackJ. Though the 
amount of the mineral acid to be added as an ackiic 
catalyst has no upper limit in particular, it is preferable 
to be small from the standpoint of economy. It is re- 
quired to be suitably varied depending on the amount 
of the remaining ammonia and the component incor- 
porated as a buffer in the culture medium. In the cul- 
ture medium of a common run, the mineral acki added 
in an amount at least enough to neutralize the remairv 
ing ammonia and not more than 0.2 part per part of 
the lactic add suffices for the purpose. 

The mineral acid to be used in the step for pro- 
moting the esterification is not partknilarly restricted. 
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It is most advantageous to use sulfuric acid from the 
economic point of view. 

Since the greater part of ammonia has been al- 
ready recovered in the preceding step for removal of 
anvnonia, the anraunt of a salt suffered to be by-pro- 5 
duced in the present step for promoting the esterif i- 
cation is far smaller than in the equivalent step of the 
conventional method. 

In the present step for promoting the esterif ica- 
tlon, the esterification proceeds sufficiently even at io 
a lower temperature than in the preceding step for re- 
moval of ammonia. For the sake of exalting the final 
yield of the lactic ester, therefore, it is allowable to add 
an alcohol to the reaction mixture so as to shift the 
equi llbrium of the esterification toward the fbmiation is 
of the lactic ester. The alcohol to be added in this case 
may be any of the alcohols having four or five carbon 
atoms. This alcohol can be used in its unmodified 
form. Among other alcohols answering the descrip- 
tion, n-butanol proves particularly desirable. 20 

The conditions to be used for the reaction in the 
step for promoting the esterification are variable with 
such factors as the kind of the alcohol to be used. The 
reaction pressure has no restriction of any sort Gen- 
erally, normal pressure suffices to promote the ester- 25 
if ication as aimed at For the reason given below, it 
is allowable to use a reduced pressure in the range of 
100 to 760 mmHg, preferably 200 to 350 mmHg, for 
the reaction. When the esterification Is pronfK)ted un- 
der nonmal pressure, the reaction temperature reach- 30 
es a level approximating 1 30^C as specifically descri- 
bed afterward and the conversion of every two mol- 
ecules of the added C4 - C5 alcohol into a correspond- 
ing ether molecule (for example, n-butand giving rise 
to dibutyl ether) occurs copiously. This phenomenon 35 
^ results directly in a decrease in the amount of the 
- C5 aloohol because the ether does not easi ly deoonri- 
pose. Further, the recycled use of the alcohol is feted 
to require extra time and labor for the separation of 
the ether which continues to accumulate with the ad- 40 
vanoe of the reaction. For the purpose of precluding 
such occurrence of the ether as mentioned above, the 
esterif rcation can be promoted at such a relatively low 
temperature as shown hereinbelow under a reduced 
pressure falling in the range mentioned above. Then. 45 
the reaction temperature Is generally in the range of 
100*» to 160*'C, preferably 120^ to 130*»C when the re- 
action is performed under normal pressure and not 
under the reduced pressure menttoned above. Under 
the reduced pressure, the reaction is generally de- 50 
sired to be carried out at a temperature In the range 
of 60** to 12a'C, preferably 90*» to 110^0, 

Further, in the process for promoting the esterifi- 
cation, the alcohol begins to separate in the fbnm of 
an azeotrope with water in consequence of the dehy- 55 
dration. The azeotrope thus formed, similarly to that 
which occurs in the step for removal of ammonia men- 
tioned above. Is preferable to be separated into the al- 



cohol and water, with the separated alcohol refluxed 
to the site of esterification in the step for promoting 
the esterif icatktn. This measure proves excellent 
even from the economic point of view because it per- 
mits effective reclamation of the alcohol. 

The esterification solution in which the esterifica- 
tion has been thoroughly promoted in the step for pro- 
moting the esterification contains the aloohol , the lac- 
tic ester of the alcohol, the mineral acid saltof amnK>- 
nia, the microorganic cells of lactic acid bacteria, and 
other impurities and virtually no water. Such solid 
substances as the ammonia salt, the polymer impur- 
ities, and the tactic acid bacteria remain as solid conv 
ponents and assume the state of slurry. 

The method to be adopted for the separation of 
the lactic ester and the excess of alcohol from the es- 
terification solution has no restriction In particular. 
This separation can be easily canied out batchwise 
or continuously by the conventional technique of dis- 
tillation. The esterification solution, forexample, may 
be distilled in its unnrtodified state under a reduced 
pressure. When the viscosity of the residue which ex- 
ists in the esterification vessel during the course of 
the distillation is unduly high or when the deposition 
of scale on the inner wall of the vessel is conspicuous, 
the distillation may be carried out after the solid sub- 
stances mentioned above have been preparatorily re- 
moved as by filtration through a membrane or by de- 
cantation. Preferably, the distillation is performed af- 
ter crystalline solid components of such salts as anv 
monium sulfate and ammonium hydrogen sulfate 
have been exclusively separated by filtration of the 
conventional method. In this case, microorganic cells 
such as of lactic ackl bacteria and other minute par- 
tides which are suffered to remain in the esterifica- 
tion solution instead of being separated by filtration 
pose no problem at all and the substances remaining 
on the inner wall of the reaction vessel after the dis- 
tillatk)n exhibit excellent flowability. Further, the inner 
wall of the reaction vessel shows absolutely no sign 
of adhesion of any matter. 

When the method which uses a relatively dear 
culture medium for fermentation, the method which 
gives a pretreatment of separatk)n with a nr^embrane 
to a culture nnedkjm so as to effect preliminary remov- 
al of solid sut>stances from the culture medium, the 
method whk:h effects separatton of a culture medium 
and microorganic cells by means of a membrane 
while the fermentatbn Is in process, or the method 
which effects removal of mk)roorganic cells and other 
sdkJ substances at the end of fermentation is adopt- 
ed, the separation of the lactic ester and the excess 
of alcohol from the esterifk)ation solution can be at- 
tained by directly distilling the esterification solution 
without separating therefrom the ammonium sulfate 
or addic ammonium sulfate and other precipitates 
which occur within the step for promoting the esteri- 
fication up to the site of esterification. 
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In the distillation part for separating the lactic es- 
ter and the excess of alcohol from the esterif icatlon 
solution, part of the residues of such liquid-phase 
components as acidic ammonium sulfate can be re- 
cycled through the site of esterif Ication in the step for 5 
promoting the esterif ication. By this recycling, the 
yield of the lactic ester can be further improved. 

Optionally, the lactic ester thus obtained may be 
subjected repeatedly to the conventional treatment of 
distillation to be finished in the form of highly purified io 
lactic ester. 

Then, the method of this invention for the produc- 
tion of lactic acid resides in causing the lactic ester 
which has been obtained by the method described 
above to be hydrdyzed in the presence of an acid cat- is 
alyst of ordinary run. In consequence of this hydroly- 
sis, the alcohol remaining in the lactic ester can t>e re- 
moved and the lactic acid can be obtained in a state 
refined to a high degree of purification. 

As typical examples of the add catalyst which is 20 
usable effectively for this hydrolysis, ion-exchange 
resins and mineral acids may be cited. 

Now, the method of this invention for the produc- 
tion of a lacticesterwill be described more specifical- 
ly below with reference to the accompanying draw- 25 
ings. 

Fig. 1 is a schematic diagram illustrating an ap- 
paratus for the production of butyl lactate used for the 
production of butyl lactate by the addition of n-butanol 
to the concentrate of amnfK)nium lactate obtained by 30 
fermentation with a microorganism as one embodi- 
ment of this invention in the production of a lactic es- 
ter. 

An apparatus 101 for the production of butyl lac- 
tate, as illustrated In Fig. 1, Is constructed by con- 35 
necting a fermentation column 102, a concentrator 
1 03, an ammonia removing can 104, an esterif Ication 
promoting can 105, and a flush vaporizing part 106 
with relevant pipes 107, 108, 109, and 110. 

To the fermentation column 102, a raw material 4C 
column (not shown) and an ammonia storage column 
(not shown) are connected respectively via a pipe 1 11 
and a pipe 112. 

Then, to the concentrator 103, a water-ammonia 
collection column (not shown) is connected via a pipe 45 
113. 

To the ammonia removing can 104, a distillation 
column 114 and an alcohol storage column (not 
shown) are connected via a pipe 115 and a pipe 116. 
A condenser 117 is connected via a pipe 118 to the so 
distillation column 114. The condenser 117 Is con- 
nected to an amnfK)nia absorber (not shown) and a 
two liquid phase separation can 119 via a pipe 120 
and a pipe 121. The two liquid phase separation can 
119 is connected to the top part of the distillation col- ss 
umn 114 via a pipe 1 22 so as to reflux the upper phase 
component ofthe two liquid phase separation can 119^ 
and then connected to a water recovery column (not 



shown) via the pipe 121 so as to recover the lower 
phase component ofthe two liquid phase separation 
can 119. 

Further, to the esterif ication promoting can 105 
mentioned above, a distillation column 123 and a 
mineral acid storage column (not shown) are connect- 
ed via a pipe 124 and a pipe 125. A condenser 126 is 
connected via a pipe 127 to the distillation column 
123. A two liquid phase separation can 128 is con- 
nected to the condenser 126 via a pipe 129. The con- 
denser 126 is provided with a discharge tube 130 
opening into the ambient air. The two liquid phase 
separation can 128 mentioned above is connected to 
the top part of the distillation column 123 via a pipe 
131 so as to reflux the upper phase component ofthe 
two liquid phase separation can 128 and then con- 
nected to a water recovery column (not shown) via a 
pipe 132 to as to recover the lower phase component 
ofthe two liquid phase separation can 126. 

The flush vaporizing part 106 is connected to a 
butyl lactate recovery column (not shown) and a re- 
sidue recovery column (not shown) respectively via a 
pipe 133 and a pipe 134. 

The pipes mentioned above are severally provid- 
ed, when necessary, with valves (not shown) adapted 
to control flows of raw materials and reaction solu- 
tions to reaction vessels (such as, for example, the 
fermentation column 102. concentrator 103, ammo- 
nia removing can 104, esterif Ication promoting can 
105, and flush vaporizing part 106). 

The production of butyl lactate by the use of the 
apparatus 1 01 for the production of butyl lactate con- 
structed as described above, when lactic acid t>acter- 
ia are selected as a mlcroonganism forfemientation. 
is accomplished by supplying a raw material prepared 
by inoculating the lactic add bacteria to a culture nne- 
dium composltton for fermentation comprising such 
nutrients as glucose and corn steep liquor from the 
raw material column via the pipe 111 to the fermenta- 
tion column 102, keeping the raw ntaterial in the fer- 
mentation column 103 at an optimum temperature for 
femientation of lactic acid in the range of SO*' to 50^C, 
properly stirring the raw material in an atmosphere fit 
for the microorganic fermentation, e.g. an anaerobic 
atmosphere for lactic add t)acteria, and simultane- 
ously feeding 20 to 30% aqua ammonia from the an> 
monia storage column via the pipe 112 to the stirred 
raw material thereby oontrolling the raw material at a 
pH in the range of 5.5 to6.5 to effect the fenmentation. 
The yield of lactic add based on the amount of glu- 
cose in the step of fermentation Is variable with the 
species of a microorganism to be used. It is in the ap- 
proximate range of 94 to 97% when the fermentation 
uses lactic acid bacteria. 

Subsequently, the fermentation solution which Is 
formed in the fermentation column 102 is forwarded 
via the pipe 107 to the concentrator 103, dehydrated 
therein by boiling under normal pressure, and con- 
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centrated generally to a lactic acid ooncentrBtion In 
the range of 65 to 70%. The distilled water and par- 
tially liberated amnion ia are transferred via the pipe 
113 to the water-ammonia collecting column, wherein 
the water is boi led for through renrK3val of the ammo- 5 
nia. The ammonia thus expelled is recovered by t>eing 
absorbed in a collection water prepared separately 
and kept in a cooled state. 

Then, the concentrate obtained in the concentra- 
tor 103 and having a lactic acid concentration in the io 
range of 65 to 70% is forwarded via the pipe 108 to 
the ammonia removing can 104. From the alcohol 
storage column, n-butanol is fed generally in an 
amount in the range of 1 .5 to 4 mols per mol of lactic 
acid via the pipe 116 to the concentrate to prepare a is 
reaction solution. The reaction solution thus prepared 
in the ammonia removing can 104 is stirred with stir- 
ring vanes provided in the can 104 and, at the same 
time, heated to a temperature in the range of 120*^ to 
150^C to induce esterification of the lactic acid with 20 
n-butanol and promote the esterification. The azeo- 
trope of water with n-butanol which is produced by the 
thennal reaction is collected via the distillation col- 
umn 114 disposed above the ammonia removing can 
104 in the condenser 117 disposed above the top of 25 
the distillation column 114. The collected azeotrope 
is separated into a water phase and a butanol phase 
in the two liquid phase separating can 119 disposed 
below the condenser 117. The n-butanol as the upper 
phase component (containing a small amount of wa- 30 
ter) is refluxed via the pipe 121 to the upper part of 
the distillation column 114 and the water as the lower 
phase component (including a small anrraunt of n-bu- 
tanol and ammonia) is extracted from time to time via 
the pipe 1 22 and recovered in the water recovery ool- 35 
umn. The ammonia gas which has passed through the 
distillation column 114is not collected inthecondens- 
er 117 but is forwarded via the pipe 120 and oollected 
in a water-cooled ammonia absorber. 

Subsequently, the solution which has undergone 40 
the reaction in the amnK>nia renDoving can 104 (the 
whole lactic acid component containing ester, salt, 
etc.) is forwarded via the pipe 1 09 to the esterification 
promoting can 1 05. From the mineral acid storage col- 
umn, concentrated sulfuric acid is fed generally In an 45 
anDOunt in the range of 0.05 to 0.2 nnol per mol of lactic 
acid via the pipe 125 to the solution in the esterifica- 
tion promoting can 1 05 to prepare a reaction solution. 
The reaction solution thus prepared in the esterifica- 
tion promoting can 105 is stirred with stirring vanes so 
provided In the can 1 05 and, at the same time, heated 
continuously at a temperature in the range of 120° to 
1 30X to promote the esterification. The azeotrope of 
water with n-butanol which is produced by the thermal 
reaction is forwarded via the distillation column 123 55 
disposed above the esterification promoting can 205 
and collected in the condenser 126 disposed above 
the top of the distillation column 123 and separated 



into a water phase and a butanol phase in the two liq- 
uid phase separation can 128 disposed t>elow the 
condenser 126. The n-butanol as the upper phase 
component (containing a small amount of water) is re- 
fluxed via the pipe 131 to the upper part of the distil- 
lation column 123 and the water as the lower phase 
component (containing a small amount of n-butanol) 
is extracted from time to time via the pipe 132 and re- 
covered in the water recovery column. An extremely 
small amount of amnx)nia gas escapes being collect- 
ed in the condenser 126 and released through the dis- 
charge tube 130 into the ambient air. 

Finally, the solution which has undergone the re- 
action in the esterification promoting can 105 is for- 
warded via the pipe 110 to the flush vaporizing part 
106. Subsequently, the solution now held in the flush 
vaporizing part 106 is kept in an equilibrated state at 
a temperature in the range of lOO'' to 150°C under a 
pressure in the range of 1 0 to 1 00 torrs and separated 
into a liquid phase and a gaseous phase. Subse- 
quently, the acidic amnK>nium sulfate and other resi- 
dues as liquid phase components are forwarded via 
the pipe 134 and recovered in the residue recovery 
column and the butyl lactate and n-butanol as gas- 
eous phase components are forwarded via the pipe 
133 and collected in the t>utyl lactate recovery col- 
umn. Thus, the butyl lactate aimed at is obtained. 
Then, such solid substances as acidic ammonium sul- 
fate present in the liquid phase mentioned above may 
be renDoved before they reach the flush vaporizing 
part 106 by means of af ilteradapted to separate such 
solid substances and inserted in the path of the pipe 
110. 

Now, the present invention will be described be- 
low with reference to working examples. 

In the following examples, the lactic acid content 
and the glucose content of the fermentation solutions 
were invariably determined by high-speed liquid chro- 
matography (differential refractance detector). The 
reaction solutions were analyzed for butyl lactate and 
dibutyl ether by gas chromatography. They were ana- 
lyzed for ammonia content by high-perfonmance liq- 
uid chromatography (fluorescent detector). 

Example 1 

(1) Concentration of culture medium for 
femientation 

A culture medium composition for fenmentation 
prepared by diluting 100 g of glucose and 40 g of corn 
steep liquor with tap water to a total volume of 1 liter 
was placed In a jarfermenter and sterilized by a heat 
treatment at 121^0 for 1 5 minutes. The sterilized cul- 
ture medium composition and 40 ml of the cells of the 
microorganism, Lactobacillus easel subsp. rhamno- 
sus IFO 3863 inoculated thereto were kept at 42'*C, 
stirred at 50 rpm, sparged with a small amount of nn 
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trogen, and controlled to pH 6.0 with 10 mol% aqua 
anvnonia. 

The fermentation lasted for 55 hours. The yield of 
lactic acid based on glucose was 96.2%. 

Part of the fermentation broth (1.02 mols as re- 5 
duced to lactic add) was transferred into a round- 
bottomed flask, boiled therein under normal pressure 
to be dehydrated to a lactic acid concentration of 
62.0%. The distilled water (containing partially liber- 
ated ammonia) was collected and boiled for thorough io 
expulsion of ammonia. The ammonia thus removed 
was absorbed as cooled in the water which was sep- 
arately prepared for the purpose of collecting ammo- 
nia. The amount of the water thus collected was 8.22 
g and that of ammonia collected was 0.135 mol. is 

(2) Batchwise removal of ammonia 

Fig. 2 is a schematic diagram illustrating an ap- 
paratus used in the present example for removal of zo 
ammonia. 

An apparatus 201 for the removal of ammonia, as 
illustrated in Fig. 2, is provided with an oil bath 202 
and a reaction vessel 203 furnished with stirring 
vanes and immersed in the oil of the oil bath 202. To 25 
the reaction vessel 201. a distillation column 204 is 
connected via a pipe 205. The distillation column 204 
is connected via a forked pipe 208 to a condenser 206 
and a two phase separator 207. The condenser 206 
is connected via a pipe 209 to an ammonia absorber 3o 
(not shown). The two phase separator 207 is connect- 
ed via a pipe 21 0 to the forked pipe 208 so as to reflux 
the upper phase component of the two phase sepa- 
rator 207 and further connected via a pipe 211 to a 
water recovery column (not shown) so as to recover 35 
the lower phase component of the two phase separa- 
tor 207. 

The ooncentrate obtained by concentrating the 
culture medium for fenfnentatk>n mentioned in (1) 
above to a lactk; acid concentratton of 62.0% was es- 4o 
terified and, at the same time, subjected to removal 
of ammonia by the use of the apparatus 201 for re- 
nrK)val of amnrania constructed as described above. 

First, In the reactton vessel 203, the concentrate 
mentioned above (1 .02 nrrals as lactic acid) and 2.55 45 
mols of n-butanol (2.5 mols per mol of lactic acid) 
were combined to form a reaction solution. The reac- 
tion solutnn in the reactk)n vessel 203 was heated 
and, at the same time, stirred with the stirring vanes 
provided In the reaction vessel 203 to induce a reac- so 
tion. This heat treatment was carried out at a temper- 
ature (of the oil in the oil bath 202) In the range of ISC' 
to 160*>C. The azeotrope of n-butanol with water 
which was fonmed by the heat treatment was collect- 
ed by the condenser 206 disposed above the top of ss 
the distillation column 204 which was Installed above 
the reactbn vessel 203 and separated Into a water 
phase and a butano! phase in the two phase separa- 



tor 207 disposed below the condenser 206. The bu- 
tanol as the upper phase component (containing a 
small amount of water) was ref luxed via the pipe 210 
to the forked pipe 208 disposed above the distillation 
column 204. The water as the lower phase component 
(containing a small amount of n-butanol) was extract- 
ed from time to time via the pipe 211 and recovered 
in the water recovery column. The ammonia gas 
which was vaporized was collected by the use of an 
ammonia absorber (ice water) because it escaped be- 
ing collected by the condenser 206. 

The temperature of the reaction solution inside 
the reaction vessel 203 gradually rose after the start 
of the reaction and reached 132°C at the end of 10 
hours of the reaction. Then, this reaction was stopped 
because the distillation of water through the top of the 
distillation column 204 substantially ceased. The re- 
action solution which remained inside the reaction 
vessel 203 after the stop of the reaction contained 
0.784 md of butyl lactate and 0.0612 mol of ammonia. 

Inside the reaction vessel 203 after the esterif i- 
cation, solid substances were found adhering copi- 
ously to the part of the inner wall near the level of the 
reaction solution. They were also found adhering, 
though slightly, to the part of the inner wall below the 
level of the reactk)n solution. 

(3) Promotion of esterif ication 

The reaction solution (1.00 mol as whole lactic 
acid including ester and salt) which remained in the 
reactk>n vessel 203 mentioned above after a portion 
thereof had been extracted as a sample for analysis 
was combined with 0.08 mol of concentrated sulfuric 
add and 0.5 mol of r>-butanol and thermally dehydrat- 
ed continuously to promote the esterif k^tion under 
the same heating conditions as used for the batch- 
wise renrraval of ammonia indicated in (2) above. After 
the esterif ication had lasted for 3 hours, the reaction 
was stopped because the distillation of water through 
the top of the distillatk>n column 204 substantially 
ceased. The reaction sdutton whteh remained Inside 
the reactbn vessel 203 after the stop of the reaction 
contained minute partides of solid substances. None 
of such sdkJ substance was found adhering to the in- 
ner wall of the reaction vessel 203. The reactbn sol- 
utbn contained 0.987 mol of butyl lactate. 

(4) Distillatbn of butyl lactate 

Then, the reactbn solutbn produced by the es- 
terif ication (containing 0.96 mol of whde lactic acid 
after the sampling for analysis) was filtered to renrK)ve 
sdki substances and obtain a filtrate. The solid sub- 
stances were washed with n-butanol. The washings 
were combined with the filtrate mentbned above to 
form a reaction solution for distillation of butyl lactate. 

Fig. 3 is a schematic diagram illustrating an ap- 
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paratus for distillation of tnityl lactate wh ich was used 
in the present example. 

An apparatus 301 for distillation of butyl lactate, 
as shown in Fig. 3, was provided with an oil t>ath 302 
and a distillation can 303 furnished with stirring 5 
vanes and immersed in the oil of the oil t)ath 302. To 
the distillation can 303 is connected a condenser 304 
via a pipe 305. The condenser 304 is connected via 
a pipe 307 to a receptacle 306. The receptacle 306 is 
connected to a vacuum pump (not shown) via a flex- io 
ibie tube 308. The distillation can 303 Is connected to 
a distillate reaction solution storage column (not 
shown) via a pipe 309 so as to allow gradual supply 
of the distillate of the butyl lactate. 

From the reaction solution produced by the ester- is 
ification, butyl lactate was distilled by the use of the 
apparatus 301 for the distillation of butyl lactate con- 
structed as described above. 

First, the vacuum pump was set operating to va- 
cuumize the whole body of the apparatus 301 for dis- 20 
ti nation and, at the same time, the temperature of the 
oil of the oil bath 302 was adjusted to keep the tenv 
perature of the reaction solution contained in the dis- 
ti nation can 303 in the neighborhood of 120^C and the 
reaction solution for distillation (composed of n-buta- 25 
nol and butyl lactate) was gradually forwarded from 
the storage column via the pipe 309 into the distilla- 
tion column 303 and, in the meantime, the reaction 
solution was distilled by the use of the apparatus 301 
for distillation. The amount of refined butyl lactate ool- 30 
lected in the receptacle 306 In consequence of the 
treatnnent of distillation described above was 0.938 
mol. The yield of distillation was 99.0%. 

The residue in the distillation column 303 as- 
sumed high viscosity when oooled to normal room 35 
temperature. At a temperature above 60^C, it showed 
ample flowabiltty. Absolutely no solid substance was 
found adhering to the inner wall of the distillation can 
303. 

It is clearly noted from the results of test descri- 40 
bed thus far that the separation of butyl lactate and 
n-butanol and the purification of butyl lactate could be 
easily carried out by such an ordinary treatment of 
distillation as used in the present wori^ing example. 

Such high boiling components as polymer of lac- 45 
tic acid which consequently remained in the distilla- 
tion can 303 were returned to the step for promoting 
the esterif Ication indicated in (3) above, in which the 
polymer was thermally decomposed and utilized for 
the formation of a relevant lactic ester. Thus, the yield so 
of the lactic ester could be exalted. 

Example 2 

Hydrolysis of butyl lactate ss 

Fig. 4 Is a schematic diagram illustrating an ap- 
paratus for hydrolysis of butyl lactate which was used 



in the present working example. 

An apparatus 401 for hydrolysis of butyl lactate, 
as shown In Fig. 4, is provided with a mantle heater 
402 and a hydrolyzing can 403 disposed on the man- 
tle heater 402. A distillation column 404 is connected 
via a pipe 405 to the hydrolyzing can 403 and the dis- 
tillation column 404 is connected via a forked pipe 
408 to a condenser 406 and a two phase separation 
part 407. The two phase separation part 407 is con- 
nected via a pipe 409 to a butanol collecting column 
(not shown) so as to recover the upper phase compo- 
nent of the two phase separation part 407 and via a 
pipe 410 to the hydrolyzing can 403 so as to reflux the 
lower phase component of the two phase separation 
part 407. To the condenser 406 is connected a dis- 
charge tube 411 whksh opens into the ambient air. 

The apparatus 401 for hydrolysis of butyl lactate 
which was constructed as described above was op- 
erated to hydrolyze the butyl lactate mentk}ned above 
and formed lactk: acid. 

The butyl lactate obtained in Example 1 and wa- 
ter were placed in the hydrolyzing can 403 and a 
strongly acidic cation-exchange resin (produced by 
Japan Organo Co., Ltd. and marketed under trade- 
mark designation of "Amberlite 200C") was added as 
an acid catalyst thereto. The resultant mixture in the 
hydrolyzing can 403 was heated at a temperature in 
the range of 95' to 110**C. The n-butand which was 
generated by the ensuant hydrolysis fbmied an azeo- 
trope with water and this azeotrope was collected in 
the condenser 405 disposed above the top of the dis- 
tillatbn column 404. In the two phase separation part 
407 disposed below the condenser 406, the azeo- 
trope was separated into a water phase and an n-bu- 
tanol phase. The n-butanol as the upper phase conv 
ponent (containing a small amount of water) was ex- 
tracted from time to time via the pipe 409 and recov- 
ered in the butanol oollectbn column. The water as 
the lower phase component (containing a small 
amount of n-butano!) was ref tuxed via the pipe 410 to 
the hydrolyzing can 403. At the time that the n-butanol 
ceased to exist in the hydrolyzing can 403, the reflux 
of water from the two phase separator 407 was stop- 
ped to allow thorough distillation of the n-butanol. 
Thereafter, the distillatbn of the azeotrope from the 
hydrolyzing can 403 was continued until the anfK)unt 
of water in the azeotrope totalled about 20 ml. Then, 
the hydrolysis was stopped. The lactic ackl obtained 
in the hydrolyzing can 403 assumed no ootor and 
emitted no odor and manifested highly satisfactory 
thermal stability. 

Example 3 

Pretreatment of culture medium 

Corn steep lk|uor was adjusted to pH 7 with an> 
monia, tx}iled for one hour, and subjected to oentrifu- 
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gal separation. Then, fermentation of lactic acid was 
carried out by following the procedure of Example 1 
while using the supernatant produced in conse- 
quence of the centrifugal separation as a nutrient 

The fermentation solution was concentrated to a 
lactic acid concentration of 65% in the same manner 
as in the concentration of the culture medium for fer- 
mentation indicated in (1) of Example 1 , The resultant 
concentrate and n-butanol added thereto in an 
anrwuntof 2.5 nx)ls per mo! of lactic acid were subject- 
ed to removal of ammonia in the same manner as in 
the fc>atchwise removal of ammonia indicated in (2) of 
Example 1 . The final temperature of the interior of the 
reaction vessel 203 was 131 °C. The amount of am- 
monia contained in the reaction solution which re- 
mained after the end of the reaction was 0.064 mol 
per mo! of lactic acid. A black solid substance was 
found adhering to the part of the inner wall of the re- 
action vessel 203 near the level of the solution. The 
adhesion of the black substance to the part of the in- 
ner wall below the level of the solution was only slight. 

Example 4 

Adaptation of removal of ammonia for continuous 
operation 

A culture medium for fenmentation of lactic acid 
was prepared by using the same culture medium 
composition and lactic ackl bacteria as used in Exano- 
ple 3. It was concentrated to a lactic add concentra- 
tion of 63.6% in the sBtne manner as in the concen- 
tration of the culture medium for fermentatkin Indicat- 
ed in (1) of Example 1. 

Fig. 5 is a schematic diagram illustrating an ap- 
paratus for continuous removal of anrtmonia used in 
the present inventnn. 

An apparatus 501 for continuous removal of anr>- 
monia, as shown in Fig. 5, was provkled with an oil 
bath 502 and a reactton vessel 503 furnished with 
stirring vanes and immersed in the oil of the oil bath 
502. A distillation column 504 was connected via a 
pipe 505 to the reaction vessel 503. The distillatkin 
column 504 was connected via a forked pipe 508 to 
a condenser 506 and a two phase separatk>n part 
508. The condenser 506 was connected via a pipe 

509 to an ammonia absorber (not shown). The two 
phase separatbn part 507 was connected via a pipe 

510 to the forked pipe 508 so as to reflux the upper 
phase component of the two phase separation part 
507 and then via a pipe 511 to a water recovery col- 
umn (not shown) so as to recover the lower phase 
component of the two'phase separation part507. Fur- 
ther, the reaction vessel 503 was connected via a pipe 
512 and a pipe 513 respectively to a condensate and 
an n-butand storage column (not shown) so as to per- 
mit continuous supply of the condensate menttoned 
above and the n-butanol. The reaction vessel 503 
was provided with a pipe 514 extended into the reac- 



tion solution so as to allow continuous extractk>n of 
the reaction solution and keep the level of the reac- 
tion solution at a substantially fixed height The other 
end of the pipe 514 was joined to a reaction solution 

5 recovery column (not shown) (providing that the pro- 
viston of this reactton solution recovery column would 
be omitted and this reaction solution would be for- 
warded directly to the next step when the method of 
this invention was operated wholly continuously). 

10 First, 300 ml of the reaction solution obtained af- 
ter the batchwise removal of ammonia indicated in (2) 
of Example 1 was placed in the reaction vessel 503. 
Then, the temperature of the reaction solution was 
elevated to about 1 30X by adjusting the temperature 

15 of the oil in the oil bath 502. Thereafter, the concen- 
trate having a lactic acid concentration of 63.6% and 
n-butanol were respectively forwarded continuously 
at flow rates of 0.247 md of whole lactic acid per hour 
and 0.520 mol of n-butand per hour via the pipes 512 

20 and 51 3 to the reaction vessel 503. When the reaction 
sdution in the reaction vessel 503 was heated, the n- 
butanol formed an azeotrope with water. The azeo- 
trope was collected in the condenser disposed above 
the top of the distillation cdumn 504 positioned above 

25 the reaction vessel 503 and separated into a water 
phase and a butanol phase in the two phase separa- 
tion part 507 disposed below the condenser 506. The 
n-butanol as the upper phase component (containing 
a small amount of water) was refluxed via the pipe 

30 510 to the forked pipe 508 disposed above the distil- 
lation odumn 504 and the water as the lower phase 
component (containing a small amount of n-butanol) 
was extracted from time to time via the pipe 511 and 
recovered in the water recovery column. An extreme- 

35 ly small amount of amnrxinia gas was cdlected via the 
pipe 509 in the amnxtnta absorber (ice water) without 
being collected In the condenser 506. The reaction 
sdution was extracted via the pipe 514 from the re- 
actk>n vessel 503 and recovered in the reaction so\- 

40 utbn recovery column so as to keep the level of the 
reactk)n sdutbn Inside the reaction vessel 503 con- 
stantly at a fixed height Samples of the reaction sol- 
utbn extracted via the pipe 514 after 10, 20, and 30 
hours following the start of the reactbn were found to 

45 have ammonia contents of 0.072, 0.088, and 0.076 
mol respectively per md of lactic add. 

During the course of this experiment, a solid sufc>- 
stance wasfoundadhering tothepartof the innerwall 
of the reactbn vessel 503 near the level of the reac- 

50 tion solution. The deposit of this sdid substance on 
the innerwall did not grow beyond af ixed amount Ab- 
sdutely no adhesion of thesdkl substance was found 
on the innerwall below the level of the reactbn solu- 
tion. 

55 The results of this working example dearly show 
that in the substantial absence of water in the reaction 
sdutk)n from beginning, the adhesion of a solid sub- 
stance to the innerwall of the reaction vessel 503 was 
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noticeably slight as compared with the operation of 
batchwise removal of ammonia indicated in (2) of Ex- 
ample 1. 

Example 5 

Reclamation of water and ammonia for use in fer- 
mentation 

Ten (10) liters of a culture medium prepared in the 
same manner as in Example 1 was subjected to fer- 
mentation by following the procedure of Example 1. 
The fermentation lasted for 62 hours. The yield offer- 
mentation was 97,9%. The resultant fermentation 
broth was concentrated to a lactic acid concentration 
of 64%. The concentrate and n-butanol added thereto 
in an amount of 2.5 mols per mol of lactic acid were 
treated for removal of amnrninia in the same manner 
as in the operation for continuous removal of ammo- 
nia indicated in (2) of Example 1 . The removed ammo- 
nia was collected by being absorbed in distilled water zo 
kept cooled with ice in the amrrionia absort>er. The 
amount of ammonia remaining in the reaction solution 
inside the reaction vessel 203 after the end of the es- 
terification was 0.048 mol per mol of lactic acid. The 
amount of ammonia collected in the ammonia absorb- 25 
er was 6.826 mols per mol of acetic acid. One (1) liter 
of the culture medium as used in Example 1 were sub- 
jected to fermentation of lactic acid by following the 
procedure of Example 1, except that the recovered 
water which was obtained after ammonia had been so 
removed by heating from the water recovered during 
the concentration of the femientation solution was 
used asasubstitute for the tap water used in Example 
1 and the recovered aqua ammonia collecting during 
the removal of ammonia was used as a neutralizing 35 
agent in the place of the 10 nrK>i% aqua ammonia used 
in Example 1. The fermentation lasted for about 72 
hours and the yield of fermentation was 98.0%. These 
results clearly indicate that the reuse of the recovered 
aqua ammonia In the fermentation lowered the speed 40 
of fermentation slightly but brought about absolutely 
no effect on the yield. 

Example 6 

45 

A reaction for promoting the esterificatlon was 
carried out under normal pressure In the same man- 
ner as In Example 1. After three hours of the esterifi- 
catton, the temperature of the Interior of the distilla- 
tion can 303 reached 130.1**C. At this time, the so 
amount of dibutyl etherproduced by the esterificatlon 
was 0.56% based on the amount of n-butanol charged 
at first 

When the same operation was carried out under 
a reduced pressure of 250 mmHg, the reaction lasted 55 
for 10 houre and the final temperature of the interior 
of the distillation can 303 was 1011^'C. At this time, 
the amount of dibutyl ether produced was only 0.02% 



based on the amount of n-butanol initially charged. 
Example 7 

5 Fennentation was carried out by faithfully follow- 

ing the procedure of Example 1 except that a culture 
medium obtained by diluting 100 g of glucose, 20 g of 
corn steep liquor, and 2 g of yeast extract with tap wa- 
ter to a total volume of 1 liter was used instead. In this 
10 working example, the amount of impurities entrained 
in the fermentation broth based on the amount of lac- 
tic acid was smaller than that found in Example 1 be- 
cause the amount of corn step liquor normally con- 
taining impurities copiously was decreased to one 
15 half. 

The femientation lasted for 60 hours and the yield 
of lactic acid was 96.1% based on the amount of glu- 
cose. Thereafter, the fenmentation broth was concen- 
trated batchwise and subjected to removal of ammo- 
nia to promote the esterificatlon In the same manner 
as in Example 1 . 

The removal of ammonia was carried out on the 
fermentation broth charged in an amount of 1.00 mol 
as reduced to lactic acid. The reaction solution at the 
end of the reaction was found to contain 0.722 mol of 
butyl lactate and 0.0653 mol of anrunonia. 

The promotion of esterificatlon was performed 
on the fenmentation broth charged in an amount of 
0.97 mol as reduced to lactic acid. The reaction solu- 
tion at the end of the reactkin was found to contain 
0.949 mol of butyl lactate. 

In contrast to Example 1 in which the solid conv 
ponent was removed by filtration after the pronation 
of the esterificatlon, the present example directly dis- 
tilled the solution containing the solid oon^onent be- 
cause the amount of impurities contained therein was 
small owing to the aforementioned change in the 
composition of the culture medium for fermentation. 

The distillation of butyl lactate was carried out by 
following the procedure of Example 1 . The amount of 
butyl lactate in the reaction solution subjected to the 
pronrK)tlon of the esterificatlon was 0.92 mol as re- 
duced to lactic acid. After the end of the dlstillatk)n. 
the amount of butyl lactate was 0.888 mol. Thus, the 
yield of distlllatton was 97.7%. 

The residue in the distillatk>n can 303 showed 
ample flowabiiity at a temperature in the range of 50"* 
to 60'>C. Absolutely no sign of adhesbn of a solid sut>- 
stance to the Inner wall of the distillation was 303 was 
detected. 

Control 1 

Case of omitting removal of anrvnonia 
The same fermentation broth as used in Example 
7 was subjected to the folk>wing experiment 

In the reaction vessel 203 illustrated in Fig. 2, 
204.20 g of a concentrate of a fermentatk)n broth 
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(1 .224 mols as reduced to lactic acid) and 272.3 g of 
n-butand (3.872 mds) were stirred and meanwhile 
adjusted to pH 1.0 by gradual addition of 66.83 g of 
concentrated sulfuric acid (0.667 nx)l). The resultant 
mbcture was thermally dehydrated to undergo accel- 5 
erated esterification. The esterification lasted for 
three hours. At the end of the fermentation, the tem- 
perature of the reaction solution reached 132°C and 
the reaction solution was found to have formed 1 .1 37 
mds of butyl lactate. io 

The esterification solution was passed through a 
filter paper. The solid component (mainly of ammoni- 
um sulfate) was washed with n-butanol and then 
dried. The dried solid component weighed 83.96 g 
(0.602 part per part of lactic acid). is 

The esterification solution remaining after the re- 
moval of the solid component mentioned above (1.03 
mds as reduced to lactic add) was distilled by use of 
the apparatus for distillation illustrated in Fig. 3 in the 
same manner as the distillation of butyl lactate indi- 20 
cated in Example 1 . As a result, 0.912 md of butyl lac- 
tate was obtained. The yield of distillation of butyl lac- 
tate was 98.2%. 

The residue in the distillation can 303 retained 
flowability while the distillation was proceeding. 25 
When the supply of raw materials was stopped, the re- 
sidue showed viscosity so high as to defy agitation 
and was found adhering to the inner wall of the distil- 
lation can 303. 



Claims 

1. A method for the production of a lactic ester in- 
volving the femientation of lactic add with a mi- 35 
croorganism, the method comprising: (a) carry- 
ing out the adjustment of the pH of a culture me- 
dium undergoing the fermentation of lactic acid 

with amnfK>nia; (b) adding an aloohd having four 
or five cexbon atoms to at least one solution se- 40 
lected from a solution of amnfK>nium lactate ot>- 
tained by the fermentation, a concentrate of the 
solution of ammonium lactate mentioned above, 
and the solution resulting from the separation of 
solid substances including the microorganic cells 45 
used for the femnentation from either of the said 
solutions, and heating the resultant mixture 
thereby induding dehydration and esterification 
of lactic acid with the alcohol while, at the same 
time, effecting lit)eration and recovery of ammo- so 
nia; and (c) adding a mineral acid to the solution 
obtained by the esterification reaction of (b) and 
heating and dehydrating the resultant mixture in 
an addic state thereby promoting and completing 
the esterification of lactic add with said alcohd. ss 

2. A method as daimed in dai m 1 , characterised in 
that the amount of the aloohd added Is in the 



range of 1 to 1 0 mols per md of lactic acid. 

3. A method as daimed In Claim 1 or Claim 2, char- 
acterised in that the alcohol is n-butanol. 

4. A method as dainied in any preceding Claim, 
characterised in that the solution is the concen- 
trate of an ammonium lactate solution obtained 
by the fermentation. 

5. A method as daimed in Claim 4, characterised in 
that the concentrate has a lactic acid concentra- 
tion in the range of 60 to 75% by weight 

6. A method as clainf^ in any preceding Claim, 
characterised in that the reaction temperature in 
the esterification step (b) is in the range of 100° 
to 170X. 

7. A method as claimed in any preceding Claim, 
characterised in that the reaction in step (c) for 
promoting esterification is carried out under a 
pressure in the range of 100 mmHg and 760 
mmHg (1.33 kPa and 98.1 kPa). 

8. A method as clainned in any preceding Claim, 
characterised in that the reaction in step (c) for 
pn)nrK)ting the esterification is carried out at a 
temperature in the range of 100** to 160°C. 

0. A method for the production of lactic acid, char- 
acterised in that it comprises producing a lactic 
ester by a method as daimed in any preceding 
Claim and subsequently hydrdysing the resul- 
tant lactic ester. 

1 0. A method as daimed in Claim 9, characterised in 
that the hydrolysis is carried out by using an acid 
catalyst. 

11. A method as daimed in Claim 10, characterised 
in that the add catalyst is an ion-exchange resin 
or a mineral add. 
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